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(54) Cylindrical lithium-ion battery 

(57) A cylindrical lithium-ion battery with excellent 
safety where abnormal heat generation and remarkable 
deformation of a battery container do not occur even at 
an abnormal time is provided. When an average diam- 
eter of a winding group 6 is A mm, an inner diameter of 
the battery container 5 is B mm, a longitudinal length of 
the winding group 6 except for lead pieces extending 
from the winding group 6 is H mm, and the number of 
windings where a layer of one unit comprising a negative 
electrode member/separator/negative electrode mem- 
ber/separator is wound around a shaft core 11 is W, a 
calculation value K obtained by a formula; K - (B - A) x 
10000/(W x H) is set to 0.B9 or more. When the calcu- 
lation value K is 0.89 or more, a gap (B - A) between an 
outer periphery of the winding group 6 and an inner pe- 
riphery of the battery container 5 that enables the wind- 
ing group 6 to expand in its diameter direction at an ab- 
normal time is property secured. 
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Description 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

[0001] The present invention relates to a cylindrical lithium-ion battery, and in particular relates to a cylindrical lithium- 
ion battery which is provided with an electrode winding group where a strip-shaped positive electrode having a positive 
collector applied with positive electrode active material from/in which lithium ions can be released/occluded through 
10 charging/discharging and a strip-shaped neg^^ 

lithium ions can be occluded/released through charging/discharging are wound through a strip-shaped separator 
through which lithium ions can pass, a cylindrical battery container in which the electrode winding group is accommo- 
dated, and a lid plate for sealing the battery container having an Internal pressure reducing mechanism tor discharging 
gas according to an increase in internal pressure of the battery container. 

15 

DESCRIPTION OF THE RELATED ART 

[0002] Attention has been paid to a Itthlunvlon secondary battery as a power supply source lor an EV (Electric Vehicle) 
because of Its high power (output) and high energy density. The lithium-ion secondary batteries can be classified Into 

zo cylindrical shape ones and rectangular s^ 

has a winding type structure where each of a positive electrode and a negative electrode comprises a metal foil applied 
with active material and is formed in a strip shape, and the positive and negative electrodes are wound spirally through 
a separators) so as not to directly come in contact with each other to form an electrode winding group. The electrode 
winding group is accommodated In a cylindrical can or container which is a battery container, and after the battery 

£s container is filled with electrolytic solution, it is sealed and then by initial charge the cylindrical battery is given a function 
as a battery. 

[0003] In order to improve energy density, it is preferable to fill up more active material in the battery container, and 
forthis reason, the electrode winding group is inserted into the battery container in a relatively dense manner. However, 
in a lithium-ion secondary battery where lithium cobaltate and carbon material of graphite system are used as positive 

30 active material and negative active material respectively, the active materials of both the positive and negative elec- 
trodes cause volume expansion at a time of the initial charge, consequently various drawbacks occur in the electrodes. 
As a result, the battery causes capacity reduction and life shortening in some cases. For solving the problems, a lithium- 
ion secondary battery for a civilian use with capacity of about 2 Ah or less, which is nowadays housed in a notebook- 
type personal computer, a portable telephone or the like, has a structure where a slight space is formed between the 

35 electrode winding group and the battery container within the range in which remarkable capacity reduction and energy 
density lowering can be suppressed. Also, in a case where such a battery is industrially manufactured in a continuous 
automatic production manner, since Inserting easiness of an electrode winding group to a battery container is Improved, 
It is preferable to provide the above space. 

[0004] Further, in a lithium-Ion secondary battery with approximate capacity of 3.0 Ah or more, which Is suitable for 
40 the EV power supply source, the power becomes necessarily high. Therefore, explosion or firing must completely be 
prevented from occurring even at an abnormal time when the battery is overcharged, when It is broken or collapsed 
in a pressurized manner, etc. However, such a llthlum-lon secondary battery with high capacity and high power must 
be increased in length and diameter. If the above strip-shaped electrode comprising the metal foil applied with the 
active material is made thicker by increasing an application amount of the active material, a layer of the active material 
45 peels off or falls off from the foil. As a result, a normal shape of the electrode can not be maintained. For this reason, 
a diameter of the electrode winding group Is made large by making the application thickness of the active material thin 
and making the strip-shaped electrode long to increase the number of windings. 

[0005] However, In the electrode winding group where the electrodes are made long and the number of windings is 
increased, there is a problem that gas generated by decomposition of electrolytic solution or the like at the abnormal 
so time tend3 to stay inside the electrode winding group and the gas can not be smoothly discharged from an internal 
pressure reduction mechanism such as a safety valve or the like, thereby causing abnormal heat generation and 
remarkable deformation of the battery container. 

SUMMARY OF THE INVEInTTION 

55 - • 

[0006] The present inventors have eagerly studied and researched safety about a cylindrical lithium-ion secondary 
battery. As a result, it has been found that, for securing safety in the cylindrical lithium-ion battery with high capacity 
and high power, it is necessary to define a space between an electrode winding group and a battery container. That 
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is, the space must be defined for the purpose of securing safety, which is different from the space defined in the lithium- 
ion secondary battery for the civilian use with relatively small capacity. 

[0007] In view of the above circumstances, an object of the present invention is to provide a cylindrical lithium-ion 
battery where abnormal heat generation and remarkable deformation do not occur even at an abnormal time and which 
has an excellent safety. , 
[0008] In order to solve the above problems, according to the present invention, there is provided a cylindncal lithium- 
ion battery which is provided with an electrode winding group where a strip-shaped positive electrode having a positive 
collector applied with positive electrode active material from/in which lithium ions can be released/occluded through 
charging/disch arging and a strip-shaped ne 

lithium ions can be occluded/released through charging/discharging are wound through a strip-shaped separator 
through which lithium ions can pass, a cylindrical battery container in which the electrode winding group is accommo- 
dated, and a lid plate for sealing the battery container having an internal pressure reducing mechanism for discharging 
gas according to an Increase In internal pressure of the battery container, characterized in that, when an average 
diameter of the electrode winding group is A mm, an inner diameter .of the electrode winding group is B mm. a longi- 
tudinal length of the electrode winding group Is H mm, and the number of windings of the electrode winding group Is 
W, a calculation value K calculated in accordance with the following Formula (1) is 0.B9 or more: 

K=(B-A)x 10000/(WxH) Formula (1) 

[0009] In the present invention, when the average diameter of the electrode winding group Is A mm, the inner diameter 
of the electrode winding group is B mm, the longitudinal length of the electrode winding group Is H mm, and the number 
of windings of the electrode winding group is W, safety of the cylindrical lithium battery Is secured even at the abnormal 
. time or state by setting the calculation value K caiculated in accordance with the Formula (1 ) to 0.89 or more. The 
25 Formula (1 ) means that a gap (space) (B - A) between an outer periphery of the electrode winding group and an inner 
periphery of the battery container must be defined larger in order to exhaust gas generated inside the electrode winding 
group by expansion of the electrode winding group and to discharge the gas outside the battery through the internal 
pressure reducing mechanism smoothly, since the gas generated inside the electrode winding group at the abnorma 
time tends to stay inside the electrode winding group as the number of windings W is increased and/or the longitudinal 
30 length of the electrode winding group H is made longer. 

[0010] According to the present invention, since the gap (B - A) which allows the electrode winding group to expand 
is defined property between the outer periphery of the electrode winding group and the inner periphery of the battery 
container by setting the calculation value k given by the Formula (1) to 0.89 or more, the gas generated inside the 
electrode winding group at the abnormal time expands the electrode winding group to be exhausted smoothly outside 
35 the electrode winding group and further discharged outside the battery through the internal pressure reducing mech- 
anism. Thus, safety of the cylindrical lithium-ion battery can be secured. Here, by transforming the Formula (1) and 
the gap (B - A) can be obtained in accordance with the following Formula (2): 

^ (B-A)2> B.9 x 1 0" 5 x (W x H) Formula (2) 

[0011] In order to discharge the gas generated inside the electrode winding group at the abnormal time outside the 
battery smoothly, it is preferable to use lithlum-mangan ese complex oxide as the positive active material and amorph ous 
carbon as the negative active material. It is more preferable that the present invention is applied to a battery where 
45 the number of windings W of the electrode winding group Is 40 or more and discharge capacity of the battery is 3.0 Ah 
or more. The operations and effects according to the present invention will become more obvious with reference to the 
preferred embodiments explained below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 is a sectional view of a cylindrical lithium-ion battery for an EV use of an embodiment to which the present 
invention is applicable; and 

Fig. 2 is a cross-sectionaJ schematic view of the cylindrical lithium-ion battery taken along the line C-C in Fig. 1 . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0013] An embodiment where the present invention is applied to a cylindrical lithium-ion battery for an EV use will 
be explained below with reference to the drawings. 

5 

<BATTERY MANUFACTURING PROCEDURE> 
[Manufacture of Positive Electrode Member! 

to [0014] !Jthiumcobaltate(LiCo0 2 )powdero^ 

from/in which lithium ions can be released/occluded through charging/discharging, scale-shaped graphite (average 
particle diameter 20 urn) as" electroconductive material, and polyvinylidene fluoride (PVdR as binder are mixed at a 
predetermined compounding ratio described later, the resultant mixture is added with N-methyl-2-pyrrolldone (NM P) 
which Is dispersing solvent, and thus added mixture is mixed, thereby producing slurry. The slurry Is applied to both 

is surfaces of an aluminum foil (positive collector) having a thickness of 20 urn At this time, an unapplied portion having 
a width of 50 mm is left at one side edge along a longitudinal direction of the positive electrode member. Thereafter, 
the positive electrode member is dried, pressed and then cut, so that a strip-shaped positive electrode member having 
a width of 300 mm, a predetermined length and a predetermined thickness of the applied portion of the mixture for he 
positive active material described later. A porosity of the positive active material layer is 35±2 %. The above-unapplied 

20 portion is notched and a remaining portion thereof forms lead pieces. Also, an interval or space between adjacent lead 
pieces is set to 20 mm and a width of each of lead pieces is setto 1 0 mm. [Manufacture of Negatrve Electrode Member] 
[00161 92 weight parts of "MCMB" power which is graphite system carbon powder, manufactured by Osaka Gas 
Chemicals Co., Ltd. (hereinafter, referred to as Osaka Gas Chemicals) or "Carbotron P" powder which Is amorphous 
(non-crystalline) carbon powder, manufactured by Kureh a Chemical Industry Co. Ltd. (hereinafter, referred to as Kureha 

25 Chemical), and in/from which lithium ions can be occluded/released through charging/discharging, is added with 8 
weight parts of PVdF as binder, is added with NMP which is dispersing solvent, and is mixed to produce slurry. The 
slurry thus obtained is applied to both surfaces of a rolled copper foil (negative collector) having a thickness of 1 0 u.m. 
At this time, an unapplied portion having a width of 50 mm is left at one side edge along a longitudinal direction of the 
positive electrode member. Thereafter, the negative electrode member is dried, pressed and then cut, so tiiatastrip- 

30 shaped negative electrode member having a width of 305 mm, a predetermined length and a predetermined thickness 
of the applied portion of the mixture for the negative active material described later. A porosity of the negative act.ve 
material layer is 35 ± 2 %. The above-unapplied portion is notched in the same manner as the positive electrode 
member, and a remaining portion thereof forms lead pieces. Also, an interval or space between adjacent lead pieces 
is set to 20 mm and a width of each of lead pieces is set to 1 0 mm. 

35 

[Assembly of Battery] 

[0016] Trie strip-shaped positive and negative electrode members thus manufactured are wound 40 times or more 
with separators made of polyethylene and each having a thickness of 40 u,m and a width of 310 mm interposed ther- 

40 ebetween around a shaftcore 11 . In this embodiment, a superimposed or stacked electrode set comprlsingthe negative 
electrode/separator/ positive electrode/separator is used as one unit. The shaft core 1 1 is a hollow tube made of poly- 
propylene and having an outer diameter of 14 mm and an inner diameter of Bmm which serves as a winding center. 
At this time, the lead pieces (See reference numeral 9 in Fig. 1 ) of the positive and negative electrode members are 
respectively positioned at both end faces opposed to each other with respect to a winding group (electrode winding 

45 group) . A diameter of the winding group set to a predetermined average diameter ± 0.I mm described later by 
adjusting the lengths of the positive and negative electrode members and the separators, and the thickness of each 
of the positive and negative electrode members. 

[0017] As shown in Fig. 1 , the lead pieces 9 extending from the positive electrode member are deformed and all the 
lead pieces 9 are gathered around a peripheral surface of a flange portion 7 spreading integrally from a periphery of 

so a pole stud (positive electrode external terminal 1) positioned approximately on an extension line of the shaft core 1 1 . 
After the lead pieces 7 are brought into contact with the flange portion 7, the lead pieces 9 and the peripheral surface 
of the flange portion 7 are connected and fixed to each other by ultrasonic welding. Also, connecting operation between 
afiange portion of a negative electrode external terminal 1 ' and the lead pieces 9 extendingfrom the negative electrode 
member is carried out in the same manner as the connecting operation between the positive electrode external terminal 

55 1 and the lead pieces 9 extending from the positive electrode member. 

[0018] Then, insulating covering 8 is applied on to the entire peripheries of the peripheral surfaces of the flange 
portions 7 of the positive electrode external terminal 1 and the negative electrode external terminal V. The insulating 
covering 8 is also applied on to the entire peripheral surface of the winding group 6. An adhesive tape comprising a 
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base member formed of poryimide and adhesive agent made of hexameta-acrylate and applied to one surface thereof 
is used as the insulating covering 6. This adhesive tape is wound at least one time from the peripheral surface of the 
flange portion 7 to the outer peripheral surface of the winding group 6, thereby forming the insulating covering 8. Then, 
the winding group 6 is inserted into a battery container 5 made of a stainless steel, having an outer diameter of 67 mm 

6 and an inner diameter of 66 mm. 

[0019] Next, as shown in Fig. 1 , second ceramic washers 3* are respectively fitted on the pole stud whose distal end 
constitutes the positive electrode external terminal 1 and the pole stud whose distal end constitutes the negative elec- 
trode external terminal V. Each second ceramic washer 3' is made of alumina and has a portion abutting on a back 
face of a disk-shaped battery lid (iid plate) 4, the abutting portion having a thickness of 2 mm, an inner diameter of 1 6 

™ mm and an outer diameter of 25 mm. Also, alumina-made first planer ceramic washers 3 are respectively placed on 
the battery lids 4, and the positive electrode external terminal 1 and the negative electrode external terminal V are 
respectively inserted into the first ceramic washers 3. Each first planer ceramic washer 3 has a thickness of 2 mm, an 
inner diameter of 16 mm and an outer diameter of 2B mm. Then, peripheral faces of the battery lids 4 are fitted to 
openings of the battery container 5 and the entire contacting portion between the lids 4 and the battery container 5 Is 

*5 laser-welded. At this time, the positive electrode externa! terminal 1 and the negative electrode external terminal V 
project outside the battery lids 4 through holes formed at centers of the battery lids 4. As shown in Fig. 1 , the ceramic 
washer 3 and a metal washer 14 which is smoother than the bottom face of a metal nut 2 are fitted on each of the 
positive electrode external terminal 1 and the negative electrode external terminal 1 1 In this order. Incidentally, a cleav- 
age valve 10 which cleaves according to an increase in battery internal pressure Is equipped with one of the battery 

20 lids 4. The cleavage valve 10 is set to cleaving pressure of 1 .3 x 1 0* to 1 .8 x 1 0 6 Pa 030 to 1 80 N/cm 2 ). 

[0020] Next, the nut 2 Is screwed to each of the positive electrode external terminal 1 and the negative electrode 
external terminal V to fasten and fix the battery lid 4 with the flange portion 7 through the second ceramic washer 3\ 
the first ceramic washer 3 and the metal washer 14. At this time, a value of fastening torque was 7 N . m. Incidentally, 
the metal washer 14 was not rotated until the fastening work was completed. In this state, generating elements ac- 

25 commodated in the battery containers are shut off from the atmosphere through compression of each O-ring 16 made 
of rubber (EPDM) interposed between the back face of the battery lid 4 and the flange portion 7. 
[0021] Thereafter, a predetermined amount of electrolysis solution is pured into the battery container 5 through liquid- 
filling opening 1 5 formed at another of the battery lids 4, and then the liquid-filling opening 1 5 is sealed so that assembly 
of a cylindrical lithium-ion battery 21 is completed. 

90 [0022] The electrolytic solution is prepared previously in the following manner. Lithium hexafluorophosphate (LiPF G ) 
is dissolved at 1 mole/liter into mixed solution where a volume ratio of ethylene carbonate, dimethyl carbonate and 
diethyl carbonate is 1 :1 :1 . Incidentally, a current cutting-off mechanism that cuts off electric current in response to an 
increase in internal pressure inside the battery container 5 is not equipped in the cylindrical lithium-ion battery 21 . 
[0023] As shown in Figs. 1 and 2, in the cylindrical lithium-ion battery 21 , when an average diameter of the winding 

35 group 6 is A (hereinafter, referred to as diameter A) (unit mm), an inner diameter of the battery container 6 is B 
(hereinafter, referred to as innerdiameter B, in this embodiment, 66 mm, as mentioned above) (unit: mm), a longitudinal 
length of the winding group except for the lead pieces 9 extending from the winding group 6 is H (hereinafter, referred 
to as length H, in this embodiment, 31 0 mm which is the same as the width size of the separators, as mentioned above) 
(unit: mm), and the number of windings where a layer of the superimposed electrode set of one unit comprising the 

40 negative electrode member/separator/positive electrode member/separator Is wound around the shaft core 11 is W 
(hereinafter, referred to as winding number W), a calculation value K (hereinafter, referred to as calculation value K) 
calculated in accordance with the following Formula (1) is set to 0.89 or more. Incidentally, the winding number W is 
not necessarily an integer value according to the lengths of the positive electrode, the negative electrode and the 
separators, and the thickness of each of the positive and negative electrodes. 

43 

K=(B-A)x 1000O/(WxH) Formula (1) 

(EXAMPLE) 

50 

[0024] Next, examples of the cylindrical lithium-ion battery 21 manufactured according to the embodiment will be 
explained as well as controls (comparative examples) of a cylindrical lithium-ion battery manufactured to confirm effects 
of the examples. First, a positive electrode member and a negative electrode member were manufactured in the fol- 
lowing manner. 

55 
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<Positlve Electrode Member> 
[Positive Electrode Member C-1] 

5 [0025] Lithium cobaltate "Cellseed C-1 0" manufactured by Nippon Chemical Industry Co., Ltd. (hereinafter, referred 
to as Nippon Chemical) was used as the positive active material. A compounding ratio of the lithium cobaltate, scale- 
shaped graphite and P VdF was 60: 29: 1 1 by weight percent (WT%). A positive eleclrode member (hereinafter, referred 
to as positive electrode member C-1 ) whose electrode thickness including the positive collector was 248 u.m and whose 
length was 636 cm was manufactured. At this time, apparent density of the layer of the positive active material mixtu re 

10 was 2.1 g/cm 3 . 

[Positive Electrode Member C-2] 

[0026] Lithium cobaltate "Cellseed C-1 0 B manufactured by Nippon Chemical was used as the positive active material. 

15 A compounding ratio of the lithium cobaltate, scale-shaped graphite and PVdF was 65: 24: 11 by WT%. A positive 
electrode member (hereinafter, referred to as positive electrode member C-2) whose electrode thickness Including the 
positive collector was 276 u.m and whose length was 567 cm was manufactured. At this time, apparent density of the 
layer of the positive active material mixture was 2.15 g/cm 3 . [Positive Electrode Member M-1) 
[0027] Lithium manganate manufactured by Mitsui Mining and Smelting Co., Ltd. (hereinafter, referred to as Mitsui 

20 Mining) was used as the positive active material. A compounding ratio of the lithium manganate, scale-shaped graphite 
and PVdF was 7B : 12: 10 by WT%. A positive electrode member (hereinafter, referred to as positive electrode member 
M-1 ) whose electrode thickness Including the positive collector was 25B fim and whose length was 620 cm was man- 
ufactured. At this time, apparent density of the layer of the positive active material mixture was 2.35 g/cm 3 . 

2s [Positive Electrode Member M-2-1] 

[0028] Lithium manganate manufactured by Mitsui Mining was used as the positive active material. A compounding 
ratio of the lithium manganate. scale-shaped graphite and PVdF was 85: 10: 5 by WTO. A positive electrode member 
(hereinafter, referred to as positive electrode member M-2-1 ) whose electrode thickness including the positive collector 
30 was 247 um and whose length was 61 8 cm was manufactured. At this time, apparent density of the layer of the positive 
active material mixture was 2.55 g/cm 3 . [Positive Electrode Member M-2-2] 

[0029] Lithium manganate manufactured by Mitsui Mining was used as the positive active material. A compounding 
ratio of the lithium manganate, scale-shaped graphite and PVdF was 85: 10: 5 by WTO. A positive electrode member 
(hereinafter, referred to as positive electrode member M-2-2) whose electrode thickness including the positive collector 
35 was 247 jim and whose length was 650 cm was manufactured. At this time, apparent density of the layer of the positive 
active material mixture was 2.55 g/cm 3 . [Positive Electrode Member M-2-3] 

[0030] Lithium manganate manufactured by Mitsui Mining was used as the positive active material. A compounding 
ratio of the lithium manganate. scale-shaped graphite and PVdF was 85: 1 0: 5 by WT%. A positive electrode member 
(hereinafter, referred to as positive electrode member M-2-3) whose electrode thickness including the positive collector 
40 was 247 urn and whose length was 661 cm was manufactured. At this time, apparent density of the layer of the positive 
active material mixture was 2.65 g/cm 3 . [Positive Electrode Member M-3] 

[0031] Lithium manganate manufactured by Mitsui Mining was used as the positive active material. A compounding 
ratio of the lithium manganate, scale-shaped graphite and PVdF was 80: 12: 8 by WT%. A positive electrode member 
(hereinafter, referred to as positive electrode member M-3) whose electrode thickness including the positive collector 
<5 was 266 urn and whose length was 640 cm was manufactured. At this time, apparent density of the layer of the positive 
active material mixture was 2.41 g/cm 3 . [Positive Electrode Member M-4] 

[0032] Lithium manganate manufactured by Mitsui Mining was used as the positive active material. A compounding 
ratio of the lithium manganate. scale-shaped graphite and PVdF was 80: 12: B by WTO. A positive electrode member 
(hereinafter, referred to as positive eleclrode member M-4) whose electrode thickness including the positive collector 
so was 286 urn and whose length was 592 cm was manufactured. At this lime, apparent density of the layer of the positive 
active material mixture was 2.41 g/cm 3 . [Positive Electrode Member M-A] 

[0033] Lithium manganate manufactured by Mitsui Mining was used as the positive active material. A compounding 
ratio of the lithium manganate, scale-shaped graphite and PVdF was 85: 10: 5 by WTO. A positive electrode member 
(hereinafter, referred to as positive electrode member M-A) whose electrode thickness including the positive electrode 
55 collector was 111 urn and whose width and length were respectively 82 mm and 374 cmwas. manufactured. At this 
time, apparent density of the layer of the positive active material mixture waB 2.65 p/cm 3 . " 
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^Negative Electrode Member> 

[Negative Electrode Member B-1] 

5 [0034] Using ■MCK/IB" manufactured by Osaka Gas Chemicals as the graphite system carbon, a negative electrode 
member (hereinafter, referred to as negative electrode member B-1) whose electrode thickness including the negative 
collector was 121 ujn and whose length was 654 cm was manufactured. At this time, apparent density of the layer of 
the negative active material mixture was 1 .35 g/cm 3 . 

to [Negative Electrode Member B-2J 

[0035] Using "MCMB" manufactured by Osaka Gas Chemicals as the graphite system carbon, a negative electrode 
member (hereinafter, referred to as negative electrode member B-2) whose electrode thickness Including the negative 
collector was 124 Jim and whose length was 63B cm was manufactured. At this time, apparent density of the layer of 
15 the negative active material mixture was 1 .35 g/cm 3 . 

[Negative Electrode Member P-1] 

[0036] Using "Carbotron P" manufactured by Kureha Chemical as the amorphous (noncrystalline) carbon, a negative 
20 electrode member (hereinafter, referred to as negative electrode member P-1) whose electrode thickness including 
the negative collector was 1 47 Jim and whose length was 605 cm was manufactured. At this time, apparent density of 
the layer of the negative active material mixture was 0.88 g/cm 3 . 

[Negative Electrode Member P-2-1] 

25 

[0037] Using "Carbotron P" manufactured by Kureha Chemical as the amorphous carbon, a negative electrode mem- 
ber (hereinafter, referred to as negative electrode member P-2-1) whose electrode thickness including the negative 
collector was 136 uxn and whose length was 636 cm was manufactured. At this time, apparent density of the layer of 
the negative active material mixture was 0.98 g/cm 3 . 

30 

[Negative Electrode Member P-2-2] 

[0036] Using "Carbotron P" manufactured by Kureha Chemical as the amorphous carbon, a negative electrode mem- 
ber (hereinafter, referred to as negative electrode member P-2-2) whose electrode thickness including the negative 
35 collector was 136 ujn and whose length was 66B cm was manufactured. At this time, apparent density of the layer of 
the negative active material mixture was 0.9B g/cm 3 . 

[Negative Electrode Member P-2-31 

AO [0039] Using "Carbotron P" manufactured by Kureha Chemical as the amorphous carbon, a negative electrode mem- 
ber (hereinafter, referred to as negative electrode member P-2-3) whose electrode thickness including the negative 
collector was 136 u,m and whose length was 679 cm was manufactured. At this time, apparent density of the layer of 
the negative active material mixture was 0.9B g/cm 3 . 

45 [Negative. Electrode Member P-3] 

[0040] Using "Carbotron P M manufactured by Kureha Chemical as the amorphous carbon, a negative electrode mem- 
ber (hereinafter, referred to as negative electrode member P-3) whose electrode thickness Including the negative col- 
lector was 1 32 ujti and whose length was 65B cm was manufactured. At this time, apparent density of the layer of the 
so negative active material mixture was 0.98 g/cm 3 . 

[Negative Electrode Member P-4] 

[0041] Using "Carbotron P" manufactured by Kureha Chemical as the amorphous carbon, a negative electrode mem- 
55 ber (hereinafter, referred to as negative electrode member P-4) whose electrode thickness including the negative col- 
lector was 142 *u,m and whose length was 610 cm was manufactured. At this time, apparent density of the layer of the 
negative active material mixture was 0.98 g/crri 3 . 
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[Negative Electrode Member P-A] 

[0042] Using "Carbotron P" manufactured by Kureha Chemical as the amorphous carbon, a negative electrode mem- 
ber (hereinafter, referred to as negative electrode member P-A) whose electrode thickness including the negative 
5 collector was 79 \m\ and whose length was 386 cm was manufactured. At this time, apparent density of the layer of 
the negative active material mixture was 0.98 g/cm 3 . 

<Structure> 

10 (Example 1) 

[0043] As shown in Table 1 , a winding group 6 having a diameter A of 63 mm was manufactured by winding a 
combination of the positive electrode member C-1 and the negative electrode member B-1 via the above-mentioned 
separators 54.6 times (winding number W = 54.6) around the shaft core 11 and a battery 21 was completed. The 
is calculation value K of this battery was 1 .77. 



TABLE 1 



25 



30 





Electrode Member 


Dia. A 
(mm) 


Inner Dia. 
B (mm) 


Winding 
Number W 


Length 
H (mm) 


K 


Positive 


Negative 


Example 1 


C-1 


B-1 


63 


66 


54.6 


310 


1.77 


. Example 2 


C-2 


P-l 


63 


66 


43. 7 


310 


1.99 


Example 3 


M-l 


B-2 


63 


66 


53.1 


310 


1.82 


Example 4-1 


M-2-1 


P-2-1 


63 


66 


52.9 


310 


1.B3 


Example 4-2 


M-2-2 


P-2-2 


64.5 


66 


54.5 


310 


0.89 


Control 4-3 


M-2-3 


P-2-3 


65 


66 


55.1 


310 


0.59 


Example 6 


M-4 


P-4 


64.5 


66 


49.7, 


310 


0.97 


Example A-l 


M-A 


PA 


38.2 


39 


54.1 


90 


1.64 


Control Z 


M-3 


P-3 


65 


66 


53.3 


310 


0.61 



35 {Example 2) 

[0044] As shown In Table 1 , a winding group 6 having the diameter A of 63 mm was manufactured by winding a 
combination of the positive electrode member C-2 and the negative electrode member P-1 via the above-mentioned 
separators 48.7 times (winding number W = 4B.7) around the shaft core 11 and a battery 21 was completed. The 
40 calculation value K of this battery was 1 .99. 

(Example 3) 

[0045] As shown tn Table 1 , a winding group 6 having the diameter A of 63 mm was manufactured by winding a 
45 combination of the positive electrode member M-1 and the negative electrode member B-2 via the above-mentioned 
separators 53.1 times (winding number W = 53.1) around the shaft core 11 and a battery 21 was completed. The 
calculation value K of this battery was 1 .82. 

(Example 4-1) 

so 

[0046] As shown in Table 1 , a winding group 6 having the diameter A of 63 mm was manufactured by winding a 
combination of the positive electrode member M-2-1 and the negative electrode member P-2-1 via the above-mentioned 
separators 52.9 times (winding number W = 52,9) around the shaft core 11 and a battery 21 was completed. The 
calculation value K of this battery was 1.83. 

55 . . 

(Example 4-2) <*' 

[0047] As shown in Table 1 , a winding group 6 having the diameter A of 64.5 mm was manufactured by winding a 
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combination of thepositive electrode member M-2-2 and the negative electrode member P-2-2 via the above-mentioned 
separators 54.5 times (winding number W = 54.5) around the shaft core 11 and a battery 21 was completed. The 
calculation value K of this battery was 0.89. 

6 (Control 4-3) 

[0048] As shown in Table 1 , a winding group 6 having the diameter A of 65 mm was manufactured by winding a 
combination of the positive electrode member M-2-3 and the negative electrode member P-2-3 via the above-mentioned 
separators 55.1 times (winding number W = 55.1) around the shaft core 11 and a battery 21 was completed. The 
to calculation value K of this battery was 0.59. 

(Example 5) 

[0049] As shown In Table 1 , a winding group 6 having the diameter A of 54.5 mm was manufactured by winding a 
is combination of the positive electrode member M-4 and the negative electrode member P-4 via the above-mentioned 
separators 49.7 times (winding number W = 49.7) around the shaft core 11 and a battery 21 was completed. The 
calculation value K of this battery was 0.97. 

(Example A-1) 

20 

[0050] As shown In Table 1 , a winding group 6 having the diameter A of 38.2 mm was manufactured by winding a 
combination of the positive electrode member M-A and the negative electrode member P-A via separators having a 
width of 90 mm instead of the above separators 54.1 times (winding number W = 54.1) around the shaft core 11 In 
accordance with the embodiment stated above and a battery was completed. The inner diameter B of a battery container 
25 used for this battery was 39 mm and the calculation value K of this battery was 1 .54. 

(Control Z) 

[0051] As shown in Table 1, a winding group 6 having the diameter A of 65 mm was manufactured by winding a 
30 combination of the positive electrode member M-3 and the negative electrode member P-3 via the above-mentioned 
separators 53.3 times (winding number W - 53.3) around the shaft core 11 and a battery 21 was completed. The 
calculation value K of this battery was 0.61. 

<Test/Evaluation> 

35 

Test] 

[0052] Next, after each battery of the examples and the controls manufactured in the above manner was charged 
at a temperature of 25 ± 3°C, it was discharged so that the discharge capacity was measured. The charging conditions 
40 were set on constant voltage of 45 V, limiting (upper limit) current of 30 A, and a charging time of 4 hours. The dis- 
charging conditions were set on constant current of 30 A and final voltage of 2.5 V. 

[0053] Then , assuming that each battery fell in an abnormal state, a so-calied overcharge test where the battery was 
continuously charged at a constant current of 30 A until any phenomena in Its appearance were observed was per- 
formed. In an overcharged battery, since internal pressure of the battery is Increased with decomposition and gasffi- 

45 cation of the electrolytic solution due to an abnormal increase in voltage, a phenomenon that the cleavage valve 1 0 
cleaves to jet gas is observed. When the gas jetting Is not smoothly carried out, deformation of the battery container 
5 occurs and the gas is jetted together with contents in the battery. Accordingly, the weight of the battery becomes light 
after the phenomena. Therefore, according to the battery appearance and the change in the battery weight (a ratio of 
the battery weight after the phenomena to the weight before the phenomena (residual rate), a determination can be 

so made on whether behavior of the battery is superior or inferior. 

(Test Results] 

[0054] Measurement results of the discharge capacities and test results of the overcharge tests are shown in the 
55 following Table 2. 
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TABLE 2 





Discharge 
Capacity (Ah) 


Overcharge Teit Results 


Deformation 


Residual Rate {%> 


Example 1 


75 


Non 


63 


Example 2 


75 


Non 


68 


Example 3 


75 


Non 


70 


Example 4-1 


75 


Non 


75 


Example 4-2 


79 


Non 


73 


Control 4-3 


60 


Container Expanded 


50 


Example S 


75 ., 


Non 


73 


Example A- 1 


4 


Non 


75 


Control Z 


75 


Container Expanded 


52 



15 

[Evaluation] 

[0055] In the batteries of Controls 4-3 and Z. both the calculation values K were below 0.89. Accordingly, gases in 
20 the overcharged state were jetted violently together with the contents of the batteries and the battery containers 5 were 
deformed in an expanding manner as shown in Table 2. The residual rates of the battery weights after the overcharge 
tests were respectively 50 % and 52 % which were the smallest values In those of all the tested batteries . These show 
that large internal pressures were applied to the battery containers 5 . On the other hand, In all the batteries of Examples, 
gases In the overcharged state were discharged gently, the battery containers 5 were not deformed afterthe overcharge 
25 tests, and the residual ratios of the battery weights were relatively high. Accordingly, it should be understood that the 
batteries of Examples are superior in safety. 

[0056] in the batteries of Examples 3, 4-1 , 4-2, A-1 and 5, since the lithium manganate as the lithium-manganese 
complex oxide was used for the positive active material, the residual rates of the battery weights after the overcharge 
phenomena were 70% or more. It should be understood that these batteries are excellent in safety. In the batteries of 

30 Example 2, 4-1 , 4-2, A-1 and 5, since the amorphous carbon was used for the negative active material, the residual 
rates of the battery weights after the overcharge phenomena were 68 % or more. It should be understood thai the 
batteries are also excellent in safety. Particularly, in the batteries of Examples 4-1 , 4-2, A-1 and 5, since the lithium 
manganate as the lithium-manganese complex oxide was used for the positive active material and the amorphous 
carbon was used for the negative active material, the residual rates of the battery weights after the overcharge phe- 

35 nomena were 73 % or more. Accordingly, it should be understood that the batteries are more excellent in safety. 

[0057] As mentioned above, in the cylindrical lithium-ion battery 21 of the present embodiment, the space that enables 
the winding group 6 to expand in Its diameter direction is defined between the diameter A of the winding group 5 and 
the inner diameter B of the battery container 5 (inner diameter B - diameter A) in proportion to an increase in the winding 
number W and/or the length H In accordance with the above-mentioned formula (1). Accordingly, when the gas is 

40 generated inside the winding group 5 at the abnormal time, the winding group 6 is allowed to expand in its diameter 
direction so that the gas can be smoothly exhausted from both end portions of the winding group 6. Then, when the 
Internal pressure in the battery container 5 reaches the predetermined pressure mentioned above, the cleavage valve 
10 cleaves and the gas can be smoothly discharged outside the cylindrical lithium-ion battery 21 . Thus, a cylindrical 
lithium-ion battery with an excellent safety can be realized. 

<5 [0058] Also, in the cylindrical lithium-ion battery 21 of the present embodiment, the critical value (calculation value 
K) 0.89 serving as a reference value for safety is given according to the Formula (1) . Therefore, downsizing of a 
cylindrical lithium-ion battery which has been strongly demanded In recent years can be attained while maintaining the 
safety. 

[0059] Incidentally, in the present embodiment, the cylindrical lithium-ion batteries with the discharge capacity of 4 
so Ah or more have been explained. However, it has been confirmed that the present invention is applicable as long as 
the cylindrical lithium-ion battery has substantial discharge capacity of 3 Ah or more, irrespective of application (in- 
tended use) of the battery and/or magnitude of the discharge capacity. Since the present invention is applicable to the 
battery with high capacity and high power and the behavior of the battery which has been put in the abnormal state is 
significantly gentle and the battery is excellent in safety, the battery is specifically suitable for the power supply source 
55 for the EV. f ... J, 

[0060] Also, in this embodiment, the case that the disk-shaped battery lids 4 are laser-welded to the battery container 
5 has been explained. However, the present invention is also applicable to a cylindrical lithium-ion battery having a 
structure where a battery upper lid Is caulked to a battery container (can) with a bottom wall so that the container is 
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sealed. 

[0061] Further, in the above embodiment, the cylindrical lithium-ion battery without the current shut-off mechanism 
has been explained. However, the present Invention can be applied to a battery with the current shut-off mechanism. 
Thereby, even when the current shut-off mechanism of electric system is not actuated in the abnormal state such as 

s a vehicle collision accident or the like, the internal pressure reduction mechanism such as the cleavage valve 1 0 or 
the like of the mechanical system is actuated so that higher safety can be secured in a vehicle mounting battery. 
[0062] Also, in the embodiment, the adhesive tape comprising the base material of polyimide and the adhesive agent 
of hexametha-acrylale applied to one side face thereof has been used as the insulating covering 8. This invention is 
not limited to this adhesive tape. For example, an adhesive tape comprising a base material of polyolefin such as 

to polypropylene, polyethylene or the like and acrylyic system adhesive agent such as hexam etna- aery late, butyl-acrylate 
or the like applied to one side face or both side faces of the base material, or a tape without applying adhesive agent 
thereon and comprising polyolefin, polyimide or the like can also be used preferably. 
- [0063] Furthermore, In the llthlum-ion battery according to the embodiment, the lithium cobattate or lithium manganate 
has been used for the positive electrode, the graphite system carbon or amorphous carbon has been used for the 

is negative electrode, and the solution which has been prepared by dissolving the lithium hexafluorophosphate (LiPF 6 ) 
at 1 mole/liter into the mixed solution where the volume ratio ol ethylene carbonate, dimethyl carbonate and diethyl 
carbonate is 1 : 1: 1 has been used for the electrolytic solution. However, the procedure for manufacturing a battery 
according to the present invention Is not limited to the above embodiment, and any ordinarily used ones can be used 
as the binder, the negative active material and the positive active material . In order to secure safety in a battery with 

20 high capacity and high power for an EV use, It Is preferable to use the lithium manganate as the lithium-manganese 
complex oxide for the positive active material instead of lithium-cobalt complex oxide or Itthium-nlckel complex oxide. 
[0064] Also, In this embodiment, the PVdF was used as the binder. However, as binders other than the above- 
mentioned binder, polymers such as Teflon, polyethylene, polystyrene, polybutadiene, Isobutylen-isopren rubber, nltrlle 
rubber, styrene-butadlene rubber, polysulfide rubber, cellulose nitrate, cyanoethyl cellulose, various latex, acrylonttrile, 

25 vinyl fluoride, vinylidene fluoride, propylene fluoride chloroprene fluoride and the like, and mixture thereof can be used. 
[0065] Furthermore, as the positive active material for the lithium-ion secondary battery otherthan the material shown 
in the above embodiment, lithium-manganese complex oxide into/from which lithium ions can be inserted (occluded) 
and/or departed (released), and in which lithium ions have been inserted in a sufficient amount in advance is preferable. 
Lithium manganate having the spinel structure or one/both site(s) of manganese and/or lithium in a crystal thereof is/ 

30 are replaced or doped with elements other than these elements may be used. Even when active material where an 
atomic ratio of lithium and manganese has been deviated from the stoichometrical ratio is used, the same effect as 
the above embodiment can be obtained. 

[0066] Also, negative active material for the lithium-ion battery other than ones shown in the above embodiment can 
be used, which does not limit the present invention. For example, natural graphite, various artificial graphite materials 

35 and cokes may be used. The particle shapes of these materials may include scale shape; sphere shape, fiber shape, 
massive shape and the like, but the negative active material is not limited to particular shapes. 
[0067] Also, as the electrolytic solution, electrolytic solution where an ordinary lithium salt is dissolved as electrolyte 
Into organic solvent, and the lithium salt and the organic solvent are not limited to these particular ones. For example, 
as the electrolyte, LiCI0 4 , LiAsF 6 , LIPF B , LIBF 4 , LIB(C 6 H 5 ) 4l CH 3 SO a U, CF 3 S0 3 Li and the like, and mixture thereof 

<o may be used. 

[0068] Further, the organic solvent of the non-aqueous electrolytic solution other than ones shown in the above 
embodiment, polypropylene carbonate, ethylene carbonate, ethylmethyl carbonate, vinylene carbonate, 1 ,2-dimethxy 
ethane. T^butyro lactone, tetrahydrofuran, 1 ,3-dioxolane, 4-methy!-l,3-dioxolane, diethyl ether, sulfolane, methyl sul- 
folane, acetonftrlle, propionitrile or the like, mixture of two kinds or more thereof can be used. Furthermore, a mixture- 
45 compounding ratio thereof is not limited to particular ratios. 



Claims 

so 1. A cylindrical lithium-ion battery which is provided with an electrode winding group where a strip-shaped positive 
electrode having a positive collector applied with positive electrode active material from/in which lithium ions can 
be released/occluded through charging/discharging and a strip-shaped negative collector applied with negative 
electrode active material in/from which lithium ions can be occluded/released through charging/discharging are 
wound through a strip-shaped separator through which lithium ions can pass, a cylindrical battery container in 

55 which the electrode winding group is accommodated, and a lid plate for sealing the battery container having an 

internal pressure reducing mechanism lor discharging gas according to an increase in internal pressur&of the 
battery container, characterized in that, when an average diameter of the electrode winding group is A mm, an 
inner diameter of the electrode winding group is B mm, a longitudinal length of the electrode winding group is H 
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mm, and the number of windings of the electrode winding group is W, a calculation value K calculated in accordance 
with the following Formula (1) is 0.B9 or more; 

K= (B-A}x 10000/(WxH) Formula (1) 

6 

2. A cylindrical lithium-ion battery according to claim 1 , characterized in that the positive electrode active material is 
lithium-manganese complex oxide. 

w 3. A cylindrical lithium-ion battery according to claim 1 or 2, characterized in that the positive electrode active maleri al 
is lithium manganate. 

4. A cylindrical lithium-ion battery according to any one of ciaims 1 to 3. characterized in that the negative electrode 
active material is amorphous carbon. 

E. A cylindrical llthlum-ion battery according to any one of claims 1 to 4, characterized In that the number of windings 
W is 40 or more. 

6. A cylindrical lithium-ion battery according Id any one of claims 1 to 5, characterized In that discharge capacity of 
20 the battery is 3.0 Ah or more. 

7 A cylindrical lithium-ion battery which is provided with an electrode winding group where a strip-shaped positive 
electrode having a positive collector applied with positive electrode active material from/in which lithium Ions can 
be released/occluded through charging/discharging and a strip-shaped negative collector applied with negative 

25 electrode active material in/Irom which lithium Ions can be occluded/released through charging/discharging are 
wound through a strip-shaped separator through which lithium ions can pass, a cylindrical battery container in 
which the electrode winding group is accommodated, and a lid plate for sealing the battery container having an 
internal pressure reducing mechanism lor discharging gas according to an increase in interna! pressure of the 
battery container, characterized in that, when an average diameter of the electrode winding group is A mm, an 

30 inner diameler of the electrode winding group is B mm, a longitudinal length of the electrode winding group is H 

mm, and the number of windings of the electrode winding group is W, a gap (B - A) defined between the inner 
diameter B and the average diameter A satisfies the following Formula (2): 

35 (B-A)*B.9x10" 5 x (WxH) Formula (2) 

8. A cylindrical llthlum-lon battery according to claim 7, characterized In that the positive electrode active material Is 
lithium manganate and the negative electrode active material is amorphous carbon. 

40 9. a cylindrical lithium-ion battery according to claim 7 or 8, characterized in that the number of windings W is 40 or 
more and discharge capacity of me battery is 3.0 Ah or more. 



so 
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Fig. 1 
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